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US ATLAS 

PHASE II Upgrade  
   BASIS of ESTIMATE (BoE) 

 
Docdb #:  

WBS number:   6.4.2.2 (LArFE_Columbia) WBS Title:   LAr FE Electronics at Columbia University 

WBS Dictionary Definition:  
This WBS covers the effort at Columbia University Nevis Laboratories on the design and fabrication of 
frontend readout electronics for the LAr calorimeter system. 
 
The deliverables for WBS 6.4.2.2 are 1627 Frontend Boards (FEB2), each instrumenting 128 channels of 
LAr calorimetry, and the ~52k custom ADC chips, each instrumenting 4 LAr calorimetry channels, which 
are needed to fully equip all FEB2. A total of 1524 FEB2 need to be installed to equip the entire LAr 
calorimeter system, with the additional FEB2 being overages. The costs also include typically 6% overages 
for all components. 
 
Estimate Type (check all that apply – see BOE Report for estimate type by activity): 
 
___ Work Complete 
___ Existing Purchase Order 
___ Catalog Listing or Industrial Construction Database 
___ Documented Vendor Estimate based on Drawings/ Sketches/ Specifications 
_X_ Engineering Estimate based on Similar Items or Procedures 
_X_ Engineering Estimate based on Analysis 
_X_ Expert Opinion 
 
Supporting Documents (including but not limited to):  
 

 
 

Details of the Base Estimate (explanation of the Work) 
 
This BOE covers the engineering, fabrication and testing of the ADC chips and FEB2. 
 
ADC M&S Costs 
The ADC chip is being designed in the 65 nm CMOS process available from TSMC. The production cost is based 
on current estimates, provided by Philippe Farthouat (see attached email), that the NRE cost for production of the 
full mask set is currently $760k (including 6 wafers delivered). It is assumed that the same production run will be 
shared by the ADC and also the other 65 nm LAr chips, namely the preamp/shaper and the serializer. In that way, it 
will only be required to pay the NRE cost for the mask production once. This one-time NRE charge is included in 
the ADC production cost. In addition, production of each additional 25 wafers costs $85k. The sizes of the ADC, 
preamp/shaper and serializer chips are not yet known. We include the cost of producing an additional 100 wafers. 
 
The ADC chips will need to be packaged. The cost is estimated based on a quotation from Quik-Pak (see attached) 
for packaging the ADC chip developed for the Phase I LAr upgrade, namely $6 per chip assuming 10k chips. We 
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could anticipate some reduction in the per chip cost due to the larger quantity. However, this will be offset at some 
level by the influence of inflation over the next 4-5 years. Therefore, we have assumed $6 per chip, and a yield of 
70%. 
 
Putting this together, the estimated ADC production cost is $760k (NRE) + $340k (100 wafers) + $418k 
(packaging), for a total of $1.518k. Note that this cost also includes the cost of producing (but not packaging) the 
LAr preamp/shaper and serializer chips. 
 
FEB2 M&S Costs 
The FEB2 is a large multilayer complex printed circuit board (PCB), that includes 32 chips each of the 4-channel 
preamp/shaper, ADC and serializer, plus additional logic, power regulation and distribution, optical data and control 
links, etc. 
 
The FEB2 is the same size, and of a similar complexity, as the original FEB, which was also designed by Columbia. 
Therefore, the cost estimate for the FEB2 uses the knowledge acquired with the original FEB production. The 
materials cost of the original FEB totaled $5,427k (see attached); this includes production and assembly of 1627 
boards, as well as typically 6% overages for parts. This cost does not include the preamps or shapers, nor the optical 
link components; this is appropriate for comparison with FEB2 since those items are costed separately for FEB2. 
However, to more precisely compare with the FEB2, one should remove $1,445k for the cost of the SCA (which is 
not used on FEB2) and also $620k for the ADC (since the ADC chips are costed separately for FEB2). Subtracting 
these 2 items gives an adjusted cost of $3,362k for the original FEB production, or about $2,100 per FEB. To allow 
for inflation in the almost 15 years since the production of the original FEBs, we estimate a materials cost for FEB2 
of $2,500 per FEB2. For a total of 1627 FEB2s, this totals $4,068k. 
 
More recent cost information can be obtained using the example of the LTDB being designed by BNL for the Phase 
I upgrade. The cost estimate for the LTDB digital motherboard (see attached) is $1,736 per board for a quantity of 
150 boards. One would expect some reduction for a larger quantity. However, the LTDB digital motherboard, while 
the same size as the FEB and FEB2, has a large portion of its surface essentially empty in order to receive a large 
analog daughter card that contains all of the analog functionality of the board. As a result, the LTDB digital 
motherboard is less complex than the FEB2 and also houses fewer components. Given these differences, the LTDB 
cost supports the assumed cost of $2,500 per FEB2. 
 
The manpower estimate uses experience from the original FEB development. The estimate was developed bottoms-
up, and totals 6060k in FY17-FY24 (4403k in FY20-FY24). In comparison, the original FEB development (which 
also included the SCA chip development) had an actual labor cost of 4217k. The total labor cost FY17-FY24 
therefore represents a 37.6% increase over that of the original construction. Given that the workloads are quite 
similar, the comparison provides confidence in the estimate, given the impact of inflation in the intervening ~15 
years. 
 
***still to complete the manpower documentation, plus the various parts coming after this 
 
Schedule: 
 
 
 
Assumptions: 
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Risk Analysis 
 
 
The risk will eventually be used to assess the contingency. It is important to begin to document this process. In this 
first iteration, state what are the primary risks to the deliverable to the best of your knowledge. Risks are classified 
into three categories – Specify them as you see them below. 
 
Schedule Risk: 

Probability: 
Potential Problem: 
Mitigation: 

 
Cost Risk: 

Probability: 
Potential Problem: 
Mitigation: 

 
Technical/Scope Risk: 
 Probability: 

Potential Problem: 
Mitigation: 

 
 
 
 
M&S Contingency Rules Applied 
 
50% 
 
 
Labor Contingency Rules Applied 
 
50% 
 

 
 
 

Comments: 
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